Using a variety of synthetic data we evaluated the false positive rate (Type I error) and power of the proposed test statistic. Our simulation experiment mimicked the cell-cycle experiment data described in this paper. Thus we generated synthetic data representing 20 experiments on 3 artificial species with 10 experiments corresponding to species S 1 (similar to S. pombe), 6 corresponding to species S 2 (similar to S. cerevisiae) and 4 corresponding species S 3 (similar to human Hela cell line data). We considered 4 patterns (N 1 , N 2 , N 3 and N 4 ) of phase angle parameters representing the null hypotheses and 3 patterns (A 1 , A 2 and A 3 ) representing the alternative hypotheses. Let φ s i denote the phase angle of the i th gene,
are described below while concentration parameters κ j appear in Table B in S2 File. Corresponding to each pattern we generated 100 runs to estimate the Type I error and power. The nominal Type I error rate was taken to be 0.05.
Patterns of null hypothesis
For all patterns of null hypotheses except N 3 described below, we take φ Pattern N 2 : φ = (1.37, 2.60, 2.60, 2.60, 2.60, 1.37)' which are the circular means of the φ values in Pattern N 1 divided into two groups. Thus we are introducing equalities in the phase angles.
Pattern N 3 : In this case although the components of φ satisfy the same order among the 6 genes in the three artificial species, the φ are not same for all three species. They are as follows: φ S1 = ( so that the four largest concentration parameter were assigned to the 4 experiments in species S 3 , the next six largest concentration parameters were assigned to the 6 experiments in S 2 and the smallest ten concentration parameters were assigned to the 10 experiments in S 1 . Thus we are introducing heterogeneity among the three species in terms of concentration parameters.
Patterns of alternative hypothesis
We generated 3 different patterns of φ: φ S1 , φ S2 , φ S3 for the three artificial species as described below.
As in the case of null hypothesis, patterns of κ for Pattern A 1 and A 2 were obtained from the 20 real data sets in Table S2 . to the 4 experiments in species S 3 , the next six largest concentration parameters were assigned to the 6 experiments in S 2 and the smallest ten concentration parameters were assigned to the 10 experiments in S 1 . Thus we are introducing heterogeneity among the three species in terms of concentration parameters.
Results
As seen from the results of our simulation experiment summarized in Table A , the proposed test never exceeds the false positive rate of 0.05 by more than a standard error and is sufficiently powerful even for mild departures from the null hypothesis. 
